Supplementary Material
. Infrared spectra of four pheophytin and chlorin derivatives as indicated.
Various spectroscopic methods were applied for the characterization of all compounds with the corresponding data included in the experimental section. Since all methyl, ethyl side groups, and ring protons of Zn-Phe-N5 + , Zn-Chl-N10 + , and Zn-mChl-N15 + remained identical to those of the parent pheophytin core, therefore, all spectroscopic analyses were based on the comparison with the precursor compound to match with the consistent functional group changes. Accordingly, progressive changes of three infrared absorption bands (Figure S1 Figure S1b ) and Zn-Phe-N5 + (one amide arm, Figure S1c ), Chl-N10 ( Figure S1d) and Zn-Chl-N10 + (two amide arms, Figure S1e ), and then mChl-N15 ( Figure S1f ) and Zn-mChl-N15 + (three amide arms, Figure S1g ) were apparently consistent with an increase of pentacationic N5 + -amide arm(s). Similar phenomena were also detected on the latter 1430/1207-band as the absorption of amide C-N functional groups.
In the case of 1 H NMR spectroscopic analyses, the number of N,N',N,N,N,N-hexapropylpenta(aminoethyl)amide (N5-amide) arms attached on either Phe or chlorin core can be accounted for easily by changes of the measured proton integration ratio in the spectrum. We selected the integration of Hδ located on Cδ or Hβ on Cβ of either the Phe or chlorin core at δ 8.61-8.64 or 9.58-9.60 ( Figure S2 ), respectively, as the reference of one-proton count (1.0). Theoretically, integration of two types of protons of each N5-amide arm with the chemical shift at δ 2.5-3.25 (-N-CH2-, aminomethylene protons) and δ 0.65-1.08 (-CH3, end-group methyl protons) should give proton counts of 32(H) and 18(H), respectively, in a ratio of 1.78. By taking the measured proton counts integrated over two chemical shift ranges at δ 2.5/2.75-3.25/4.0 (certain compound-related shifts occurred) and δ 0.65-1.08 as 47.0 and 23.7 in Figure   S2b , 80.4 and 40.1 in Figure S2c , and 109.9 and 53.8, respectively, in Figure S2d as the base, we then deducted all other types of non-N5-amide associated methyl and methylene protons appearing and overlapping in the same chemical shift regions. It resulted in adjusted values of 31.0 and 17.7 in a ratio of 1.75 for one N5-amidearmed Phe-N5, 62.4 and 34.1 in a ratio of 1.83 for two N5-amide-armed Chl-N10, and 91.9 and 47.8 in a ratio of 1.92 for three N5-amide-armed mChl-N15. These values corresponded well with a proportional ratio of -N-CH2-/-CH3 protons among Phe-N5, Chl-N10, and mChl-N15 giving a roughly good agreement with that (1.78) of the N5-amide arm. In addition, the total accumulative proton counts integrated also matched well with the number increase of N5-amide arms from one, two, to three going from the structure of Phe-N5, Chl-N10, to mChl-N15. These results can be regarded as a good consistency with the structural assignment of these compounds after functional modification from the basic Phe or chlorin core moiety. Subsequent reactions of metal (Zn 2+ ) insertion and quaternary methylation to incorporate water-solubility characteristics should not alter the basic substituent structures on the core.
1
H NMR spectrum of macromolecule-like Van-Zn-mPhe-N5 in DMSO-d6-CDCl3 ( Figure S3c ) is rather complex. However, two sharp singlet peaks corresponding to Hα (δ 8.82) and Hβ (δ 9.28) protons located on Cα and Cβ, respectively, of the mesopheophorbide ring moiety can be seen clearly. The overall spectrum also fitted well with the combined spectra of Phe-N5 in CDCl3 ( Figure S3a ,) and vancomycin in D2O ( Figure   S3b ). By taking the integration ratio of 1.0 as one proton count for either a H of Figure S3b To verify the degree of quaternization, we selected the synthesis of mChl-N15 + as an example. As a result, 1 H NMR spectra of neutral mChl-N15 (in CDCl3, Figure S4a ) and methyl quaternized multicationic mChl- Figure S4b ) showed nearly quantitative conversion using methyl iodide as the quaternization agent. The precursor mChl-N15 compound displayed the chemical shift of methylene protons next to tertiary amines at δ 2.5-3.4. Upon quaternization, the chemical shift of these methylene protons down-shifted to δ 3.3-4.3 leaving the region of δ 2.5-3.0 with nearly no proton bands in the spectrum of Figure S4b , marked by red arrow. This is indicative of approximately full chemical conversion to cationic states as mChl-N15 + . Meanwhile, a new sharp singlet peak of methyl protons next to the quaternary amine was detected at δ 3.10.
Furthermore, to increase the spectroscopic detection resolution, we used non-ionic precursor compounds, such as Phe-N5, Chl-N10, mChl-N15, and Van-mPhe-N5, instead of multicationic PSs for the verification of their molecular mass after covalent conjugation reactions with different moieties. We detected the corresponding molecular mass ions using the matrix-assisted laser desorption ionization (MALDI-TOF) mass spectroscopy technique, where 3,5-dimethoxy-4-hydroxycinnamic acid was used as the matrix material. As a result, we were able to observe several molecular mass ions at m/z 1059-1061 (MH + , Figure   S5a ), 1545 (MH + , Figure S5b ), 2045 (MH + , Figure S5c ), and 2525 (M + , Figure S5d ), respectively, for these four precursor compounds that indicated successful conjugation reactions of both pheophorbide and chlorine6 ring moieties with either pentacationic N5 + -arm(s) or the vancomycin unit. We propose a fragmentation path having the loss of N6-arm(s) as the main event in all spectra. Owing to a relatively high molecular weight of Van-mPhe-N5 and less volatility under MALDI conditions, its spectral resolution at the high mass region of Figure S5d was expected to be less than those of Figures S5a-S5c. However, we were still able to detect its molecular mass ion (MH + ) at m/z 2525. Apparently, the facile loss of vancomycin moiety occurred to give fragmented mass ions at m/z 1120, corresponding to the proposed bond cleavage shown in Figure S6 . This substantiated the mPhe-Van conjugation. Low versatility of polycationic Zn-Phe-N5 + , Zn-Chl-N10 + , ZnmChl-N15 + , and Zn-Van-mPhe-N5 + prohibited their detection by MALDI-TOF mass spectroscopy. The S0 →S1 energy gap is predicted to change very little depending on whether the pendant vinyl group is present (model B), or is saturated (model A), or if an ammonium cation is introduced (model C). Based on the computed geometries, the vinyl group is not completely coplanar with the aromatic π system. The lack of coplanarity reduces conjugation which causes little to no effect on the π → π * transition. 
